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Abstract  
This chapter discusses the use of waste ceramic tiles as a partial 
replacement of fine aggregate in concrete. This can potentially prevent 
environmental pollution and encourage sustainable and cost-saving 
construction. Tests were conducted to study the durability of 0%, 10%, 
20%, 30%, 40% and 50% of waste ceramic tiles as a replacement of fine 
aggregate in concrete. The study deals with the effects of ceramic tiles 
on water absorption, workability and the compressive strength concrete. 
The optimum percentage of waste ceramic tile to be used in the 
concrete mix is determined when the maximum value of compressive 
strength is obtained. 
Keywords— Waste ceramic tile, Fine Aggregate, Concrete, Water 
absorption, Workability, Compressive strength 
1. INTRODUCTION 
The rapid growth in developed countries has brought on a continued 
demand for resource use which leads to an increase in industrial waste. 
Some effective ways need to be proposed in order to recycle these 
wastes and reduce landfill waste. From the viewpoint of a sustainable 
society, it has become a necessary thing to explore all possibilities to 
reuse and recover waste from industrial products especially in the civil 
engineering field. Recycling ceramic waste is an idea which has been 
proposed by past researchers in order to combat global environmental 
problems [1][2].  
 Most buildings use ceramic products as part of essential 
construction materials especially in concrete production. The use of 
industrial waste as aggregate for concrete production could help to 
reduce production costs. A few types of common ceramics that had 
been manufactured include wall tiles, floor tiles, sanitary ware, 
household ceramics and technical ceramics. Ceramic waste can be 
found in large quantities which are discarded during ceramic 
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production in factories due to substandard or low-quality production. 
Ceramic products normally have a high content of clay minerals [3][4].   
 According to a study, about 30% of the daily production in the 
ceramic industry has been estimated to go to waste [5]. Ceramic waste 
which exists in the form of pellets and powder is generated in different 
stages which include grinding, cutting, dressing and polishing. These 
stages of production pose severe environmental problems and 
significant land occupation as large amounts of this waste do not 
undergo any further treatment. The characteristics of the ceramic waste 
have also been observed and they were found to be hard, durable, 
thermally stable and extremely resistant to chemical, physical and 
biological degradations [6].  
 The use of natural resources as concrete material can be 
reduced with developing progress in concrete technology by recycling 
ceramic waste. Recycling and reusing these waste materials seem to be 
effective for energy saving, cost reduction, possibly superior products 
and controlling hazards to the surrounding environment. The possible 
use of these wastes had been investigated by previous researchers. 
These wastes can be implemented in different areas such as building 
materials, cement additives, infiltration, bricks, desulphurization 
techniques, polymer-based composites, clay-based materials and 
mortar additives [6]. 
Ceramic wastes seem to offer an important role in enhancing 
concrete technology as they can be used safely with no need for 
dramatic change in production and application processes. They also 
help improve environmental problems. On the other hand, the cost of 
depositing ceramic waste in landfills will be saved and raw materials 
and natural resources will be replaced. All these efforts can help in 
saving energy and protecting the environment [7].  
2. THE PROPERTIES OF CERAMIC TILES  
Ceramic tile waste comes from industries during and after the 
production process due to errors in construction work, irresponsible 
human activities or inappropriate raw materials. Examples of ceramic 
tiles manufactured in industries include stoneware tiles, porcelain tiles 
and earthenware tiles [8].  
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2.1 Physical Properties 
Based on previous studies, ceramic tile wastes which measured less than 
4.75mm can be classified as replacement material for fine aggregate. 
Fig. 1 shows a ball mill used for grinding ceramic tile wastes to produce 
fine aggregate [9]. After the grinding process, fine ceramic powder 
which can pass through a 75 μm sieve according to ASTM standard 
C33-13 will be obtained. The colour of waste ceramic tiles as fine 
aggregate was light cream which is almost the same colour as sand. 
The value of sand replacement was varied in order to obtain the best 
mix proportion. A water absorption test was also conducted to 
determine the moisture content of the sample when waste ceramic tile 
as a fine aggregate was used in concrete production. Based on a study 
by Awoyera at all, it was found that the water absorption for fine 
ceramic aggregates was 2.52% according to the test method BS EN 
1097-6 [10]. 
    
Fig. 1: Ball mill  
2.2 Chemical Composition 
Waste ceramic tiles are strongly acidic in nature, with a predominance 
of silica (66.57%) and aluminium (21.60%) and smaller quantities of other 
oxides. The main mineral component is quartz while the minority 
components are hematite and zircon [11]. Table 1 shows the chemical 
composition of ceramic body by Medina et al [12]. The constituent 
oxides are typical of ceramic bodies used for the manufacture of 
ceramic tiles. 
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Table 1: The Composition of ceramic tiles 
 
Oxides 
 
Wt (%) 
 
SiO2 
 
67.35 
 
Al2O3 
 
19.79 
 
Fe2O3 
 
2.52 
 
Na2O 
 
0.15 
 
K2O 
 
4.13 
 
TiO2 
 
0.92 
 
MgO 
 
2.00 
 
CaO 
 
2.32 
 
2.3 Mechanical Properties 
Most of the previous studies found that waste ceramic tiles could 
contribute to the strength, workability and durability of concrete. The 
compressive strength of waste ceramic tiles in concrete samples was 
tested according to ASTM standard method C39/C39M−14 [13]. The 
purpose was to measure the strength as well as the usability of the 
concrete samples. Each sample was tested up to the point of failure. 
Workability is defined as the amount of energy needed to overcome 
friction during compaction. The slump test is one of the common 
workability tests. On the other hand, durability is one of the long-term 
properties of concrete. Good results in terms of strength and workability 
can also be equated to better durability. 
 
 
3.0 METHODOLOGY 
There are many ways to study the durability of concrete which uses 
waste ceramic tiles as a replacement material. Halicka et al. [14] 
studied the potential of sanitary ceramic aggregates as abrasion 
resistant concrete and heat resistant concrete. An assumption was 
made that concrete containing sanitary ceramic aggregate is able to 
resist abrasion because of its high strength and high modulus of 
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elasticity. It was found that the concrete was able to resist high 
temperature due to its chemical composition and low thermal 
expansion coefficient. 
Gonzalez et al. [15] used fine ceramic aggregate (FCA) of crushed 
rejected bricks from the ceramic industry to determine the influence of 
FCA and its applicability in high performance concrete (HPC). The 
production of HPC was carried out in the laboratory. The physical 
properties, mechanical properties and durability of concrete were 
assessed and compared to those of conventional concrete. 
 Hanifi [16] investigated the ability of ceramic industrial waste and 
huge amounts of basaltic pumice as a possible replacement for 
conventional crushed fine aggregate. The replacement materials were 
examined in terms of abrasion resistance, chloride penetration and 
compressive strength. All these obtained values were compared to 
those of conventional concrete. 
 Alves et al. [17] evaluated mechanical properties of concrete 
incorporated with recycled ceramic fine aggregates obtained from 
crushed bricks and sanitary ware. Its effect on properties such as 
abrasion resistance, modulus of elasticity, spitting tensile strength and 
compressive strength were discussed. 
 On the other hand, Pincha et al. [18] presented the study of fine 
ceramic aggregates obtained from local industry with replacement 
ratios of 50% and 100% on the properties of Portland cement and fly ash 
concrete. The effects of this ceramic waste had been investigated.  
 Awoyera et al. [19] used ceramic wastes obtained from 
construction and demolition activities and laterite as a replacement for 
natural aggregates in concrete. Ceramic waste tiles were crushed using 
a hammer mill and divided into coarse (12.7 mm) and fine (0–4 mm) 
aggregate sizes using British standard (BS) sieves. In concrete mix design, 
the fine and coarse ceramic aggregates were used to substitute 25%, 
50%, 75% and 100% of sand and gravel respectively. 
  
Zegardło et al. [20] attempted to produce concrete with the highest 
strength parameters using iterative design method of concrete mixed 
with aggregates which consisted of post-production sanitary ceramic 
waste (two fractions of 0–4 mm and 4–8 mm). The basic physical and 
mechanical parameters of the concrete samples were examined. These 
included compressive and tensile strength, bulk density, water 
absorption, water permeability and frost resistance.  
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 Higashiyama et al. [21] used ceramic electrical insulator waste as 
ceramic waste aggregate (CWA) which was supplied by an electric 
power company in Japan. The ceramic waste was crushed and ground 
to various sizes prior to the replacement of fine aggregates. The tests 
conducted on four series of mortar are as follows: (1) mortars made of 
different fine aggregates, (2) mortars made of the CWA with a different 
range of particle sizes, (3) mortars made of the CWA in different 
quantities and (4) mortars made of the CWA at different replacement 
ratios.  
4.0 FINDINGS OF THIS STUDY 
Table 2 shows a variation of applications of ceramic waste as a 
replacement material (fine aggregate) in concrete mixtures. It shows 
the influences of ceramic waste on concrete in terms of water 
absorption, workability and compressive strength. The use of ceramic 
waste as a replacement material had an impact on the properties of 
concrete. 
Table 2: Applications of ceramic waste as replacement material 
Ceramic 
waste 
material 
Replaceme
nt ratio 
Age Workability Compressive 
strength 
Water 
absorption 
Author 
 
Recycled 
fine 
ceramic 
 
 
15%, 30% 
 
28 
days 
 
15%: Slump 
was 16mm, 
30%: Slump 
was 20mm 
 
15%: 109.7 
MPa, 
30%: 109.06 
MPa 
 
1.30%, 
1.31% 
 
[15] 
 
Crushed 
ceramic 
waste 
 
40%, 50%, 
60% 
 
365 
days 
 
40%: Slump 
was 90 mm, 
50%: Slump 
was 85mm, 
60%: Slump 
was 80mm 
 
40%: 39 MPa, 
50%: 45 MPa, 
60%: 55 MPa 
 
0.71% 
 
[16] 
 
 
 
 
 
 
Crushed 
sanitary 
ceramic 
 
20%, 50%, 
60% 
 
56 
days 
 
20%: Slump 
was 12 mm, 
50%: Slump 
was 11.6 
mm, 
60%: Slump 
was 11.6 
mm 
 
20%: 34 MPa, 
50%: 33.5 MPa, 
100%: 31 MPa 
 
0.2% 
 
[17] 
Concrete Technology: Research and Application Series 1 
  
32 
 
 
Ceramic 
waste 
material 
Replacement 
ratio 
Age Workability Compressive 
strength 
Water 
absorption 
Author 
 
Ceramic 
waste 
 
50%, 100% 
 
 
 
28 
days 
 
 
50%: Slump 
was 110 mm, 
 
100%: 5 mm 
 
50%: 50.2 
MPa, 
 
100%: 
45.8MPa 
 
1.25% 
 
[18] 
 
Ceramic 
waste 
tiles 
 
0%, 25%, 50%, 
75%, 100% 
 
 
28 
days 
 
0%: Slump 
was 119 mm, 
 
25%: Slump 
was 115 mm, 
 
50%: Slump 
was 113 mm, 
 
75%: Slump 
was 90 mm, 
 
100%: Slump 
was 40 mm 
 
0%: 24 MPa, 
 
25%: 25 MPa, 
 
50%: 25.5 
MPa, 
 
75%: 25.6 
MPa, 
 
100%: 30 MPa 
 
- 
 
[19] 
 
Sanitary 
ceramic 
wastes 
 
 
W/B 
(water/binder
) ratio equal 
to 0.15. 
Subsequent 
attempts were 
held for W/B 
equal to 0.2, 
0.25, 0.3, 0.32, 
0.34 and 0.36. 
 
28 
days 
 
Average 
slump for 6 
samples: 2.83 
mm 
 
24.74% 
 
4.43% 
 
[20] 
 
Ceramic 
electrical 
insulator 
 
W/C of 0.5 by 
mass and the 
sand to 
cement ratio 
of 2.0 by mass. 
 
28 
days 
 
- 
The 
compressive 
strength of 
river sand 
mortar 
linearly 
increases 
with 
increasing 
fine 
aggregate 
replacement 
by CWA. 
 
- 
 
[21] 
 
 
4.1 Workability 
A number of past studies have investigated the workability of concrete 
mixtures based on the aggregate replacement ratio. The workability of 
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each mixture was measured through a slump test. Fig.2 shows the slump 
test result of the concrete mixture. 
 
Fig. 2: Slump height of concrete mixture [15] - [19]. 
 The slump measurements in Gonzalez’s study [15] was found to 
increase from 16 mm to 20 mm after the aggregate replacement ratio 
increased from 15% to 30%. This was due to the maintenance of dry 
consistency in all concrete mixtures. However, the slump test results 
decreased in Hanifi’s study. [16] The slump height for aggregate 
replacement ratios of 40%, 50% and 60% were 90 mm, 85 mm and 80 
mm respectively.  
 Decreasing slump height was also observed in Alves’s study [17] 
where it was stated that the concrete mixture produced slump heights 
between 120 mm to 116 mm for fine aggregate replacement ratios 
between 20% to 100%. Alves et al. [17] also reported that the use of 
recycled ceramic aggregates affects the workability of concrete 
properties. Changing the water/cement ratio became an effective 
solution to improve concrete workability. All the concrete mixes 
produced a slump within the target interval which was (12.5 ± 1.0 cm) 
for all replacement ratios even though the water/cement ratio 
increased as the replacement percentage increased.  
 In Pincha’s study [18], the slump height was found to have 
decreased from 110 mm to 5 mm when the fine aggregate 
replacement ratios were at 50% and 100% respectively. Pincha et al. 
[18] also stated that the workability of fly ash concrete with 100% 
ceramic waste was much higher than Portland cement control 
concrete with 100% ceramic waste where zero slump was recorded. 
Concrete with slump values which drop close to zero can be regarded 
as a “no-slump concrete”. This is due to the rough, angular nature of 
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ceramic waste aggregates which reduces the workability of concrete 
mixture in the fresh state.  
 From Awoyera’s study [19], it was also found decreasing slump 
heights were recorded for 0%, 25%, 50%, 75% and 100% of aggregate 
replacement which were 119 mm, 115 mm, 113 mm, 90 mm and 40 mm 
respectively. The decreasing slump value could be attributed to the 
glazy surface of ceramic waste which does not bind well in the mix. 
4.2 Compressive Strength 
The compressive strength of concrete mixtures had been investigated 
by previous researchers based on the aggregate replacement ratio. 
Fig.3 shows the compressive strength of the concrete mixture. 
 
Fig. 3: Compressive strength of concrete mixture [15]-[19] 
 
 The compressive strength of the concrete mixture in Gonzalez’s 
study [15] was found to be decreasing from 109.7 MPa to 109.06 MPa 
when the replacement ratio of aggregates increased from 15% to 30%. 
The compressive strength of all concrete mixtures were higher than 
conventional concrete after 24 hours. The higher amount of free water 
within the conventional concrete mixture during the first 24 hours 
influenced the early-age compressive strength. Gonzalez [14] also 
stated that the strength of fine ceramic aggregate used in the study 
increased in the range of 61% to 66% within 24 hours. The ability to 
achieve early-compressive strength was due to its higher early 
absorption capacity and higher specific surface on its structure. 
 In Hanifi’s study [16], the compressive strength of the concrete 
mixture was found to have increased. The compressive strength for 
aggregate replacements of 40%, 50% and 60% were 39 MPa, 45 MPa 
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and 55 MPa respectively. These values were higher than the strength of 
control concrete specimens of all ages. 
 The compressive strength of concrete specimens presented by 
Alves et al. [17] showed a reduction from 34 MPa to 31 MPa when the 
aggregate replacement ratio increased from 20% to 100%. This 
reduction in compressive strength was due to the increasing effective 
water/cement ratio with the replacement ratio. This would lead to a 
reduction in strength of the cement paste. Excess water in the mixture 
seemed to increase the workability of concrete. However, it contributed 
to greater porosity in the structure. 
 The compressive strength of concrete specimens in Pincha’s 
study [18] also showed a reduction from 50.2 MPa to 45.8 MPa at 
aggregate replacement ratios of 50% and 100%. However, all these 
results were still higher than the strength of the control concrete 
specimen which was 37 MPa. 
 Awoyera et al. [19] obtained increasing compressive strength 
between 25% to 100% of aggregate replacement ratio in concrete. The 
initial compressive strength was found to be 24 MPa which later 
increased to 30 MPa. This result was due to the high-water absorption 
and also the pozzolanic activity of ceramic microparticles when they 
are mixed with cement.  
 According to Zegardlo et al [20], the samples reached a 
compressive strength of 129.6 MPa. During the destruction of the 
samples, concrete fragments detached from the sample damaged the 
casing of the testing machine. 
 Finally, in a study conducted by Higashiyama et al [21], the 
compressive strength of river sand mortar was found to linearly increase 
with increasing fine aggregate replacement by CWA.  
4.3 Water Absorption 
Gonzalez et al. [15] studied another typical feature of tested 
aggregates which was water absorption. It was found that the water 
absorption of fine ceramic aggregate used in the study was 14.37%, 
higher than natural aggregate. However, when aggregate 
replacement ratios of 15% and 30% were applied, the water absorption 
of concrete mixtures decreased to 1.31% and 1.31% respectively.  
 In Hanifi’s study [16], it was found that crushed ceramic used as 
replacement material in concrete had lower water absorption than fine 
river aggregate. The water absorption values of crushed ceramic 
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aggregate and fine river sand aggregate were 0.71% and 0.75% 
respectively. 
 Alves et al. [17] found that the water absorption of recycled 
aggregate from sanitary ceramic waste was lower than recycled brick 
aggregates. The values were 0.2% and 12.2% for ceramic recycled 
aggregate and recycled brick aggregate respectively. The ceramic 
recycled aggregate had a lower porosity than recycled brick 
aggregates. It was proven by the analysis on water absorption after 24 
hours of water immersion.  
 Water absorption was also investigated in Pinca’s study [18]. The 
water absorption of ceramic fine aggregate used in the study was 
found to be 1.25% by mass. The increasing value of water absorption 
would lead to decreasing concrete strength. 
 
5.0 CONCLUSION 
Ceramic tile wastes are produced all over the world in large quantities. 
Moreover, the construction industry consumes huge amounts of natural 
resources, especially fine aggregate for concrete production. Based on 
previous research, the maximum value of compressive strength could 
be obtained by incorporating ceramic waste tiles in concrete 
production. However, the workability of concrete reduces with 
increasing ceramic content. In short, previous studies encourage the use 
of ceramic tile waste as a partial replacement of coarse or fine 
aggregate in concrete mixtures.  
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